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(54) NITRIDE SEMICONDUCTOR DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To realize a high-efficiency and highly 
reliable nitride semiconductor device, capable of being used for a 
laser element an light-emitting diode(LED) element, a light- 
receiving element and the like, for example, by a method wherein a 
nitride semi conductor layer having few crystal defects is used as a 
base layer. 

SOLUTION: In this element, a nitride semiconductor layer 
comprising an active layer 52 is grown on a base layer 50, which has 
a region having few crystal detects and a region having many crystal 
defects and consists of a nitride semiconductor layer, and the area 
of the active layer 52 grown on the region, which has the few 
crystal defects, on the upper part of the layer 50, is formed wider 
than that of the active layer grown on the region, which has the 
many crystal defects on the upper part of the layer 50. Or the 
element has a laser oscillation region on the upper part of a base 
layer 50, which has a region having many crystal defects and a 
region having few crystal defects and consists of a nitride 
semiconductor layer, and the laser oscillation region is provided on 
the region, which has the few crystal defects on the upper part of 
the layer 50. As a result of these constitutions, since the crystal 
defects are not transformed to the active region of the element, a 
long-lived element is obtained. 
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/ LT ttffitft t LT, GaNT«l*#5. (WT, ft 
2 COG a NJISrG a NTiftl5 0 £f2*c-f3 0 ) rcOG 

a nt*»5 oicfc^-c, nmsi&Mm^wsiVLm^ 
&&k. mm 1 1 ±.mzm%-tz>'&&Mm 1 o s f@ 

/cm 2 «TT-J) 9 . ^i^tCffiS-fS^^RlJi 1 0* 
10 0 3 21 &{C1f7T'f7'StRl &*"f5G a N£« 50 
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5 OSrRfiEfcgS&lCKffU GaNSfi5 0O±i:S 
i * 1 x l 0 ' 8 /cm" K— 7° LfcG a N «fc 9 n fflji? 
7 y KJf 5 1 £/&;ft $-*5„ ~ CO n Wit 7 V KJf 5 1 It 
SttB 5 2£/£ft$-tt6itiJco/<..y7 7-Jii: LTfftBU 
AlifaitiSO. 5JWTCOA lvGa,-v N 5 

[0 0 3 3] M^T, nffl?7-y KJI 5 1<0±(C^J?2 

no., Ga u Net <9 ftS&ttli 5 2 , 8gl?0. 3 ^ mcO 
Mg £ 1 X 1 o'° /cm K-ZL/iA 1 «.< Ga., Net 
9 pfti|^ 7 -y KJf 5 3, fUffO. 5^mcOiMg£l 
X l o" /cm' K-/L7tGa Nt^iSpiny?^ 

[0 0 3 41 M1 **-'N&KJ£g&*»e>8lfflU 
SsSt^HM^, 6 0 0 t Cf7--yy^L'C 1 pffl^7 
yK!5 3. pffi^y-y-y- hH5 4 ^tetg^aic-rSo * 

nfflijy-yy KB 5 1 . fL<!iGa NStg 5 0 <7)S?ffi£ 

*&Ji-;lH< <fc4fc*. *«fclSl±L, Ifffittcoffl^ 
b*i 3. ftfczco rgj«?L*>j lixhT-Y/tt 

^ h 7 4 -f^<Dmn<n^ ,t*mx-<7 *-^&®\siX'£ % x 

5i"ci-5 c $ bic-<o r§jtj l^j ^itszttcio 

tc*lJg'Ji-5w4:^T-t5. 
[0 0 3 5] lyfy^fi pi3y?ni54«« 
ffitOIUS Affile N i /Au i«3^S^7ttt<Opafii5 5 

* 2 o o * y h n-A©if t-ml, z<Dpnm 

5 5cOi(C, lyr^/fflOp/'iy K«1f 5 6 £0. 
5 n m05RJST««i-5. 

[0 0 3 6] py<y 6Mf&'&. ^^-^(0^7 

7^71^ /<y7 7S*»f, ^5feL, GaNStS5 
Oco^ffi^rSttl^*. ^cogffiwiitf^ffiicwi: A 1 «t 
9 4«nll5 7*0. 5 n m<r>tikW?t&&+Z>. 

[0 0 3 7] ^tCifttftcO rgjiJL^J ^b 1 ?*-^**! 
oT^<-ttir L> $ blc^c0/<-<O*a322(cSii:&#fr-t- 

s 14 m © t co m f t « *w fts co u a ^ m 1 1 >j> * v « <d 

^5ffiii|Wlc#v\ zcoj; o ldS B a a ^tecO'>/j;v«|c 
ettl<offi«*^<ffi^i-Swi:lCct'9, flMSttis*^ 

^7i5#bix5 0 "COL ED!±2 OmAtCfc^T, 5 2 
OnmWtfeM^^L^ (±S7lli^*cO-^7T'f 7SK 
iiCSftft^WflEJR^WitSr^fi $ tifc t> <0(cht^ L T 
2f«J^±, f^mffiffit ) 2f*y±i:, *#!C«nfci|#ttS: 

[0 0 3 8] /f*J*3IJ6WC-lifib|| fll©ff^*x 
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k^k wm.Bm^mtx}6$, z<Dmm<D-&M i x 
mnz^mmzmm-r z&mx'i- ? <o m-r j; o ic 

[0039] inmm 2] 19 a*%w ni&nmm&nz 
\&zmt^m\m^<»mm*^mmxh 9 , jy$ 

WlcliU- 1fm^W«it^^LT^5c BIT, 0 9£5t 
[0 0 4 0] HJt&tf'J 1 (Cjol^TG a NT*l?r6 m<7> 10 

/*ft£ftfcG a NTitlS5 0£t#5„ 

[0 0 4 1 ] (S20/<y77i71) 1 X'&h 

irtzG a NTHHS5 OSriffiir-rs^^-^^R^^ 
ftlCir-yhU 1 0 5 0°CX°Z(DG a NTit!>Ji5 0±lC 
Si?:lX10" /cm K-T'LfzGa N<fc<9fr5fg2 
0^y77l7 lM5Jt5„ |20/<y77l7 1 
ti9 0 0°C^JLcOig;?aT*fi)cft$-a:2.2fl:tl^*^f B 

l^-f-'^?r^Sa-r5^. :<0l2(0A-y77i71 
l±BIJf:i 0 O^y-^x ha-AKT, £<b(c#*L<(± 
7 0*>/x hci-A«T, ftfc»£ L< !i5 O^y"' 

[0 0 4 2] (^7->?M72) *i:S ilr5xi 30 
0'" /cm* K— 7 L fc t no., G a „.., N £*) te&7 7 y 
7®5±J§4 2£5 0 OtI-^^X h a-A<Dmi¥-Xf&%:& 
-cD^7->-^|5Sit)i7 2I±I n^^ti-nM^Sft: 
4£>*2&f£. »*L<I± I nGa N "CfiJcft $ itS r t (c J; 
"9. A 1 Z^tsmtVo^mfamQlZy- 7 y7&/\h<»* 
MiktZ>ZttfX-$i> 0 7 7 vv-p7±mitl 00t>^ 
xhn-AKi,±, 0. 5 m mWTWfllJ¥T'fiSc*^-ti-5^ 
irriSfr^Uv 1 0 0t>^ Kn-.AJ;r) fefH^irfl 
tKD^oizy y yfm±t LXimHZ< <, 0. 5y 

fc, dcDy-7 KitJS 7 2IJ«l5t5:Ht?#5. 

[0 0 4 3] ( n fill 7 7 y K! 7 3 ) ?^IC> S i £ 5 x 
. 1 O" /cm K-7'LtniA K.s G a ...» N<fc<9&-5 
^1C0®, 20ty?'^Fn-Ai, TW—-7 (undo 
pe) <7)G a N<t<9#5SS2<DJl, 20^>^[-d-A 
t4r*Slci 0 0JiS|)SL-C*5»Blfl£0. 4 u m<nm 

Htf-mmt-rz. ni^y k@7 3i«t yrraisfc 

&tM£B!i:i&«>«i LTflsfflU A 1 SrStrSHfc 

»JL<I±A 1 g aN£%tfm&*mti-z> 
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hn-A«±< 2jum«T> $ b(c£? * L < it 5 0 0 * 
y^^hn-^Ki, 1 „ mSlTX'f&&&-&Z>Z tfcM 

[0 0 4 4] (nlM'f K17 4) ii^t, S i 3r 5 
X 1 0 ' 8 /cm" K-7* Lfc n!GaN,t945n 
•f Kl7 4?r0. 1 ^ m(Dm&Xf&&&-£Z> 0 Z(DnM 
%13J Kl 7 4 tt, SttSO*77^ KM £ LTflsffl U 
GaN, I nGaNS:McSt5;i* s I* L<, ii^ 
100t>^FD-^5pm, £iblC#£L<fi2 
0 Ot^^ hn-A~ 1 n mOBIJlT'Bfeft^-frSZ £ 
a*fi* U\ :<Onl*W Kg 7 4{±il^(iS i , G 
ef©nSWI$; F-7'LXnm<nmMWt1-Z>t)\ 

%f\zT'sv-7°\c^rhzthX'%z> 0 m&+k-tz>m-& 

lCI±Il©iSO ! l2(Di(0'>/j:< £ -b-TJlCnSPF-a 
ft^K-7 , LTt,t^L, t/:7V K-T'Tftft^. 

[0 0 4 5] (jSffif7 5) Rt, 7>'K-7 , «In 
».= Ga,, NJ:9&5#PlL 25ty^ho-A 
£. 7yF-7'U», Ga« N X <9 ta Z> U MM . 5 
0^-y^'x hP-A&£Zfci«»LTfc5«MS!ffl 7 5 
7t->y-X hn-A(D#fi*T-#Ff*it (MQW) <75ffitt 
17 5$rJiScft^-tir^ 0 

[0 0 4 6] (p{M*+y7'Ji7 6) K=^-V 
y 7i*;^-i;ptt^ Ki77±t) t>±£ < . ^> 
ogftl7 5 <fc<9 fc7Ctt\ MgilXl O 2 " /cm' K 
-/LfcpSAI..:, Ga..: Ni^iSpi^fty/i 
7 6 4:3 0 0*^* ha-Aro»ff-e«Kft$-fr5„ " 
cOpffldr-^ 7 7 , i7 6l±pSi LfcTiS. IHJ¥#j$^fc 

1, fL<li7yK-7 , HTt^< 1 *t»*U<{4 
pfi^H** K-ZLfclt-TSo pft'l^r-y -yT-Ji? 6 
<DH)¥(i0. 1/imtAT, $ 6tc$?S L< !15 0 0 7h>- 

-A^TlCpS-rS. 0. 1 /£m«t9fft»«WejSft$ 
pS^-V-y7°l7 Q*i*\Z9y y7frX'0*?-t< 

Xh&o A 1 <OOj$.)ttf±£\,*A 1 Ga HffltKBlSLT 

2«±cOA 1 v G a ,-v N-Cfctllf 5 0 0 h n — 

AKATJwHSf Swfc^a* p ffi^-v -y 7M 7 6 
<7)lin:(OTIiI{±#(c|5g^L/ t ev^5 > l oir>7'^ ho — 
J*U±.<r>tmxBf&i-Z> zktfM* Lt \ 

[0 0 4 7] ( p mitlU h'M 7 7 ) !9UC % ^<VK^r^ 
•yT'x^/UJr"-^ p (Rfldf- -v -y T^S 7 6 «t M g 

1:1X1 0 M /cm' K-7'LfcpiG aNiO^cS pffl 
Tt^^f K/§7 7^0. 1 ji mWBfffr-fiicft^-tirSo Z<r> 
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14 4 tW\C< G a N. I n G a N Xf&g: $ -fr 5 r t 
iSU'. COgl4pflli|^7y Kg 7 8&>fcft£ 

*S^77TitLTt)(^fflL > lOOty^h 
n-^5nm, $ >btC#£ L< (±2 0 Oir>^^ bn 

7t#-f Kit LTtfUHl-*. r^pftij^^-r Klttiit 
l4Mg^O P MW$)£ K-tXT P Sco#mMi:1-'5 

iMft^ Kg£SIt&^gt1-3- i^T't^ Ste^Pg 

(Cpi^F-M^Sr K-T'LTt. iV^L, *^T^K-7'-e 

[0 04 8] ( p ftij^ 7 y Kg 7 8) M g £ 1 X 

loVcm 1 K-ZLtplAl..; Ga,.« N<t?)^5 
ll©!, 2 O^vy'x hn— A«t, Mg£l x l CT° 
/cm 1 K-yLfcpSG a N<t 9 ft 3 1? 2 CDg , 20t 

5„ :ioiiinffl^7s/ KJ17 3i:[sii:<^-v yrpst: 

&ibmt LX\m U @fe^«lig<!:-rsr ticj: 19 pi 
(DpM^y y Kg 7 8 coJI)? t^lc^S Lfcl^**, 1 0 
Ii5 0 O^V^*^ ho-i»J^±, i m mJyT-e;5S^:B:$-t^' 
frumpy y mtm\:<, m^mt^-^m^, i> 
IC^>- K^r-v yy°^*^*-<r>mtez>mt®)¥mfcm$: 

77£/h£<-f5<fc 9icLT^ifi \ i —~f^i o t , HUM* 
[0 0 4 9] I;^«iio#Fg£#^S®ttg£lrh5 
tgLT, Sttgcfc *)h'<> K=¥ + y^i^A-df-^;*^ 

^SIJ¥0. l (imBT^A l ^^ff^fb^i^^J:^^ 

MixtziZmc , y7°g <£ 9 t>'*y K=¥-<r yv^^/i, 
^-TjWjs^iNpftij^^^ Kg&Ktt, ^<7) P fflbttf^ K 

tsmfe+m £9 4 v 5 p ffl ? 7 y KM £Rft 5 C 1 I4#& 
Kjfi U». L7l>{j pffl^-t y7*g<7V<> K^r> yT 1 ! 

^-^Yy^gT'fflltStlSf::^ *^*«ei4S* 

< fc5. 

[0 0 5 0] {pM^y^y hmi 9) *mtc. Mg£ 

2 X 1 o'° /cm" K— 7°Lfc plG a N <t "5 &3 pfti|3 
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V** hi 7 9£ 1 50tV^ hn-AcOBfflCT'fiicfi: 
$-fr.5o pffi^Vy-? HJif±5 0 O^-V^"^ hn-Ajy 
T, $ib(C$fiL<{±4 0 O^y** ho- A£1T, 2 

OTt-y^'x hn-A^iici^ff^PSl-st, pgffiSt 

^£S3t#II§i t K 7 0 O'C-CT^-i; >y$rfTV\ p 
l^^fDlcfgfiSc^-t-So Tn-y yy"^ 7x-/nJ: 

io Effc*«a»e>»9ttju H9fc*-*-J:9ic, ri eii 

(cJ;'9ft±Ji(75pfti]3y^^ hJB 7 9 t, pMtyy K 
17 8 tSriyf^LT, 4 w ra©^ h 7-C T'ffiSr^T 

i"5 y yVBVtb-fZ. y y v^Mfigii&fillflco* h 
yjy'bW-ftfiftizMi&L. G a NTltHlicfc^^ 

[0 0 5 2] HP^, *I2 0 M m, ^5 n m<r>$kffl&h 

fgy 5/^755, Z<P>*o u mCDX h7-f7 , IW:M'? ) /iW 
20 J: o lc|xf+i"5o rw«t^^f+i-srt{cJ;t). 

mm^frbfo'Xo^x-tz, H9©*?--etty ys? 

[0 0 5 3] ^-r«i, S9{C^-TJ; V yi? 
x h7^7'S:4>-L>i: LT, -ecoy r ^ h 7-Y T'wiSifliJ 
IC^tHLfcpffl^7i/ Kg 7 7^iyfy^U, nt 
^8 21:1^^111^7 7 Kg 7 l<7)«S^Httl$ 

Cnl? 7 y Kg 7 1 ©SBfti^L, ifcG a NT 

J6i5on*i-etJ:i^, y Tiigw^t v^cd 

40 t*Hlftfl»J{Cj;5 u— r*^iinm@^pmi®tPi-B 
ftlfcttftfc^, l7roi9i;Ga NTHI5 owUffiic 
K ( 1 5 ;i t fc T* # 5 - 1 1 4 s o * T' t * v 
[0 0 5 4] JSJctd y y v^ftffiW^ffilCN i/Au iOt 

5ptt80^MtS, iScIc, U9ic-/^-t-«t 9lc P fl; 
M8 04rl^< pd^y Kg 7 8, pM=>>^ ^ Kg7 
9<o«l:s i O, <fc9««ffttkBl8 3^^L, rco 
*feltSS8 3 5r^Ltpti8 0 t *SlWlcS5«[ Lfc p /< 
y KWS8 l &Bf$.-fZ>o -*-5feliir'BtU$-frfcnfti|> 
7 y Kg 7 1 (0*ffi{c:i4Wi: A 1 <t 5 ft* n W£8 2 $r 
50 ffM-T^o 
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[0055] wM&tiLik, nmm 1 1 mm\z lt-?x- 

X^7'f7'tWpifi8 0 1 n H/fS 8 2 CDX h 7-Y 7°{C 

tfLTV^o -coj; 9 icIsl-ffiffiKCn vMMt 
filft t . fcte # # ^ jg« £ £ 5 2{t;^ £ 

JI£#1-5foi|<£»?§ttJf B*»J; "9 1#< 1"3 r. t i:i 9 , 

ttttHE&& 2.0k A/cnf , M««JE 4 . 0 V X\ 55 
}SKfi4 0 5 nm^igMBefi^ttBdn, lOOOffi 

[0 0 5 6] [HJS^J 3 ] 0 1 0 l±*^B^cO{th,roHJg^J 

EiCtJ^-C, 5 Ofi^BB^tewi-^fl^t, '>ft</HB# 
tSr Ky Hfc, ^L< fi* h7^7'tictt5Ga NT 
toUT-feS. :wu-tlffiGaNTli50m± 
tC, Si K-/niG a NJfJ; 9 ft 5 n»<y7rl 9 
0 (ffiU -cO/^>7rJit.ig:a/j)cfi^ <; -y7TBiS^ 
5 0 ) , Si K-^niA 1 0.1 Ga.,.: N|40t>y 

Aij&Uaaf£ftTfc$0. 2 ( im©I*g» ; f-J:9ii:5 
nffl^ 7 y KB 9 1 , I n.i Ga.i N t I n M G a 
»...» Nii&MilI£ftT&6MQW}#i£(D&tt/l9 2, M 
g K— /plAUi Gao.7 N|40ty^X|<n-A 
t, Mg K— 7'pSG aN|4 0*>V* hv—J»tft 
fit JS £ ft T & 5 0 . 2 n mWl^iif J; 0 ft 5 p ffl ? 
7 2/ KJf 9 3, Mg K-T'Ga N J; 0 #5 p ffla ^ 
hi 9 4 t^^®$tl7cS*«ifi^W1-5o £ «b(C nffi 
?7-/Kl9 1 ~ p ffll ?7yKi9 3 WJiB.i n - p i£ 
»^*r^Ti-5A 1 Ga NJBJ:9*£«»EP.&.ltJl-T?H*ft 

77 KI9 l~p fi| ?7yKi9 3^Lt, t<r>fflm 
Srffltf«t9JcSn-CV^5. $b{C-«7)B%3feu— y-'§Sf^ 
(4Ga NTlfiS«l*»e>?L*s«9:i+P)n-C, n y 7 7 5 
<&*Bt;:tii«##JIIB¥ «t 9 #5 nMEWSi 1 0 1 
ibft, nfflE*t»i*tlSLfcp hilWfSBic 
fc»*l*#WRJ:9fc5pfl8RWfcl 0 0 fetiT 

^5. e^*i^— y-niT-fiy y?W:<DpW,mkmc< y 
[0057] ^coj;5^ffiis*^— rmT&im-tzWi 
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Sa<D'M^GaNTii5 0 <75_hg|S CHOI'S Zl t tC «t 

*»*#jc/h*^fc«>, G a NTttJ®Srf^S?-fS*^»c*j 

[0 0 5 8] 

10 SfcflKSfcfci^-c, Ga NTJfeJ!ff>«A&nro£i'HN* 
[Hi] Ga NTlteS*(^»i1-6^lC^ffi{Cfc^T 

0o 

20 [0 2] Ga NT*Ji«:ff»i-4lS 1 (O^mOS^^X 

do 

[03] GaNT*)i«:f^»i-5*l«>*®C*J^-C 
Mo 

[04] GaNT*®*ffili-rS^2(D*te(Ciol^T 

0o 

[0 5] GaNTflSSSrf^K1-SJB2W*jfeK*5^-C 

0„ 

[0 6] GaNTtiia^^M-rS^iLl^lCO^ffi 
I C 4o V * X % h ft 5 a { 1 * 31 f* >7 1 - /n o - ffi it * * "f 
«^WE0„ 

[0 7] *Wft<T>-nMmz&Z> L E D^^-W^it^ 

[0 8] HSrojI^SrpmiiffilA^afc^ffiH. 
[0 9] ^WOflfewmfi^^SLD^WflligS: 
^1-H^»fB0o 
40 [010] *«WroteroHl60i|ic«4 l Dm+nffife 

1 • • • ^fIS« 



2 • • 


• ill 1 COG a NIB 


3 • • 


■|2(DGaNl 


1 1 • 


• • RUM 


5 0 ■ 


• • g a NTaa 


7 1 • 




7 2 • 




50 7 3- 





7 4 • • • n{»ift#-r n 

7 5 • • • ffittJf 

7 6 • • • pM*-v -y7°^ 
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(10) 

* 7 7 
7 8 

* 7 9 



#F^¥ 11-19 16 3 7 
18 
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[04] 
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[06] 



If- 



MM 



[07] 



56:pV 7h" 



57:n 
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53:p<w^K /b 

^52: fete® 
- - — -50:GaN T i& ® 
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p-AlGaN - 



[Hi o] 

lOthp 0B be 9t 8 



■ j_ _ii j fS 
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L0l:nfiHE»» 
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